Chinese medicine, which has been used as an anti-inflammatory and for curing chronic bronchitis among other potential applications. Extracted ursolic acid (UA) and oleanolic acid (OA) from wild loquat were previously found capable of suppressing the proliferation of A549 cells in vitro. In the current study, nude mice were used to determine the inhibitory effect of UA and OA on tumor formation in vivo. The results demonstrate that UA and OA reduced the proliferation of A549 cells in nude mice, and increased the expression of Bid while decreasing the protein levels of MMP-2, Ki-67, and CD34. In this study, we identified potential antitumor activity in a wild loquat extract containing UA and OA, which demonstrates that 
INTRODUCTION
Accompanied by the global environmental deterioration, especially in the developing countries, lung cancer is a fatal malignancy worldwide. Discovery of potential natural antineoplastic drugs that have minimal side effects is the goal of many ongoing cancer research studies. Ursolic acid (UA) is a natural pentacyclic triterpenoid carboxylic acid, oleanolic acid (OA) has a similar structure as UA, OA has methyl group on C20, and UA has a methyl group on C19 (Figure 1 ) (Es-Saady et al., 1994) . UA and OA have been isolated from and identified in Eriobotrya japonica, and also in plants including Rosmarinus offıcinalis and Glechoma hederaceae (Liu, 1995) . The pharmacological properties of OA and UA include anti-oxidative effects (Liobikas et al., 2011; Checker et al., 2012) , anti-allergic effects (Kim et al., 2009) , hepatic and neural protection (Li et al., 2013) , anti-inflammatory effects (Sultana and Saify, 2012) , and anti-tumor activity (Wang et al., 2011) . Pentacyclic triterpenoids are present at high concentration in loquat leaves. Loquat [Eriobotrya japonica (Lindl.)] originated in China, where it is considered as an important economic fruit. Loquat leaves are an effective natural medicine that has traditionally been utilized to treat diseases, including asthma and chronic bronchitis (Ito et al., 2000) . Our study has shown that the concentration of UA and OA in the leaves of some wild loquat species is much higher than that found in other common loquat species, for example, in Eriobotrya fragrans Champ. (Hong and Lin, 2007) .
To date, there is minimal information available on the effect of authentic UA and OA extracted from wild loquat on lung cancer cells. We previously reported that UA and OA isolated from the leaves of wild loquat E. fragrans were able to inhibit A549 cell survival and induce apoptosis (Yuan et al., 2015) . This study evaluated the effects of UA and OA isolated from E. fragrans Champ. in a nude mice xenograft model. Moreover, this study was specifically designed to further verify the inhibitory effect of UA and OA on A549 cells in vivo.
MATERIAL AND METHODS

Reagents
UA and OA were extracted from the leaves of wild loquat E. fragrans Champ. (Hong et al., 2008) . UA and OA were dissolved in ethanol to prepare separate 0.01 M stock solutions, followed by storage of the stock solutions at -20°C. Each stock solution was diluted in phosphate buffer saline (PBS) before using.
Cell culture
Cell culture of the A549 cells was prepared as previously described (Yuan et al., 2015) .
Human lung carcinoma xenograft in nude mice
The in vivo experiments with 30 female Balb/c nude mice (20 ± 2 g) were carried out in the Cancer Research Center, Medical College of Xiamen University, the mice used in this experiment were originated from Xiamen University. All procedures involving the mice were conducted in strict compliance with relevant laws, the Animal Welfare Act, Public Health Services Policy, and guidelines established by the Institutional Animal Care and Use Committee of the university. The xenograft model was established by injecting cultured A549 cells. Five nude mice were used in each treatment arm. A549 cells (2 x 10 6 /mouse) were implanted via subcutaneous injection into the right foreleg. After 7 days, the mice were injected subcutaneously with test article every other day for 2 weeks.
Animal study treatment phase
Normal saline was used as the negative control, and CY (50 mg/kg) was selected as positive control. The active study arms were low-dose UA and OA (50 mg/kg) and high-dose UA and OA (100 mg/kg). At the end of the 23rd day of the experimental period, the mice were sacrificed by cervical dislocation. The tumors were removed and weighed, and the tumor volume was recorded. The tumor tissues were then fixed and stored.
Measurement of tumor size
The diameters of developing tumors were measured in situ by vernier calipers once every two days. The tumor volume was calculated using the formula: V = 0.5ab 2 , where 'a' and 'b' are the major and minor diameter, respectively.
Immunohistochemical staining
Following removal of the subcutaneous neoplasm and metastases, the tissues were fixed in 10% formaldehyde, and then embedded in paraffin. The sections were cut, and immunohistochemical staining was performed as previously described (Song et al., 2005) . PBS was used as the negative control, instead of primary antibodies.
Statistical analysis
Calculations were carried out using the Microsoft Excel software. The statistical significance was evaluated by GraphPad Prism with P < 0.05 considered significant.
RESULTS
Proliferation of A549 cells is inhibited by UA/OA in nude mice
Upon completion of the 16-day treatment in 6 separate groups of animals, the volume and weight of transplanted tumors were measured. As shown in Figure 2A , UA and OA suppressed the proliferation of A549 cells in nude mice. There were no significant effects across the groups with respect to body weight (data not shown). Compared to the negative control, both UA and OA (at both the low and high concentrations) inhibited the growth of tumors to a similar degree as the positive control, CY. The arm with the smallest tumor volume was the high-dose UA group ( Figure 2B ). Furthermore, tumor weight of the high-dose UA group was generally similar to the tumor weight of the positive control group, CY ( Figure  2C ). Finally, it is important to note that the tumor weights for all the active treatment groups were markedly lower than that of the control group and reached statistical significance [P < 0.05) in the CY and UA high dose groups ( Figure 2C) ]. However, the effect of high-dose UA and OA on the reduction of spontaneous lung cancer metastasis in liver samples could not be accurately quantified (S1 Figure) .
Immunohistochemical staining
To further understand the mechanism through which UA and OA influence tumor formation, the tumor tissues in the high dose groups were examined by hematoxylin staining to evaluate Bid, MMP-2, Ki-67, and CD34 expression. The results showed that UA and OA decreased the expression of MMP-2, Ki-67, and CD34 and increased Bid expression. Additionally, it appears that based on immunohistochemical staining examination, the magnitude of response was greater following UA (high dose) treatment than that following OA (high dose) treatment (Figure 3) .
DISCUSSION
Loquat is an important fruit crop in China and Japan and is cultivated in the whole Mediterranean basin (southern Europe, Middle East, and northern Africa). It has traditionally been used in natural medicine as an anti-inflammatory agent and for the treatment of asthma and chronic bronchitis. UA and OA are the major components in the extracts of loquat leaves and possess antibacterial, anti-inflammatory, and antifungal properties (Shyu et al., 2010) . The Loquat Germplasm Resources Nursery of South China Agricultural University has collected about 30 varieties of wild loquats worldwide. Our previous studies showed that the UA and OA content in some varieties of wild loquat leaves are higher than their contents in most common loquat leaves (Hong and Lin, 2007) . Therefore, leaves from wild loquat trees could be viewed as a more efficient resource to obtain active material, including UA and OA, for potential natural medicinal applications.
This study demonstrated the effects of UA and OA, extracted from E. fragrans Champ. on the reduction of in vivo growth of an A549 xenograft in nude mice. Antigen Ki-67 is a nuclear protein associated with ribosomal RNA transcription and is necessary for cell proliferation. Antigen Ki-67 is commonly used to determine the growth fraction in a cell population and is often correlated with the clinical course for a number of cancers (Schonk et al., 1989; Rahmanzadeh et al., 2007) . CD34 is a heavily glycosylated, transmembrane glycoprotein, that serves as a cell-cell adhesion factor and is expressed on hematopoietic and vascular-associated tissues (Nielsen and McNagny, 2008) . Both UA and OA at high doses decreased the number of MMP-2-, Ki-67-, and CD34-postive cells, while increasing the number of Bid-positive cells. The above cellular mechanism may explain the efficacy of UA and OA in reducing the A549 cancer cell's viability, proliferation, invasion, and migration. However, it appears as though neither UA nor OA at high doses could prevent cancer metastasis in the liver (S1 Figure) . As previously reported (Yuan et al., 2015) , the immunohistochemical staining results showed that UA and OA could inhibit the cancer cell proliferation to the same extent as the positive control CY. This result further supports the notion that UA and OA are potential natural medicine candidates for inhibiting tumor growth. Based on these results, UA was more effective than OA in inhibiting cancer cell proliferation. The underlying mechanistic explanation of why UA is more effective than OA is unknown. Potential reasons for different efficacy findings for UA and OA could include intracellular binding affinity to various intracellular components involved in the cell cycle process or differences in pharmacokinetic properties including absorption and tissue distribution. Future studies are needed to better understand these hypotheses. However, to further complicate interpretation of the study results, the nude mice used in this study had detectable populations of functional T cells and NK cells. Based on these study results, we cannot discount the possibility that UA and OA exhibited their effects via stimulation of the intrinsic immune system, thereby inhibiting tumor growth. Future work requires assessment of the effects of UA and OA on tumor growth in other immuno-compromised mice models for example the Rag2-/-gc-/-model that lack all the components of the T/B/NK innate immune system.
The extracted UA and OA were capable of inducing cell apoptosis. This suggests that wild loquat is a potentially effective therapeutic herb, both in traditional Chinese and western medicine. Using wild loquat to replace cultivated varieties can result in a deficiency of wild loquat leaves while also causing a decline in cultivated loquat fruit production resulting in a loss of farmers' earning.
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